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Abstract:
Amelogenesis imperfecta (AI) is a heterogeneous group of inherited 
disorders characterised by abnormal formation of dental enamel, either 
in isolation or as part of a syndrome. Heterozygous variants in laminin 
subunit beta 3 (LAMB3), thought to act primarily by gain of function, 
cause AI with dominant inheritance in the absence of other co-
segregating clinical features. In contrast biallelic loss of function variants 
in LAMB3 cause recessive junctional epidermolysis bullosa (JEB), 
characterised by life-threatening skin fragility. We identified two families 
segregating autosomal dominant AI with variable degrees of a distinctive 
hypoplastic phenotype due to pathogenic variants in LAMB3. Whole 
exome sequencing revealed a nonsense variant (c.3340G>T, p.E1114*) 
within the final exon in family 1, while Sanger sequencing in family 2 
revealed a variant (c.3383-1G>A) in the canonical splice acceptor site of 
the final exon. Analysis of cDNA from family 2 revealed retention of the 
final intron leading to a premature termination codon. Two unerupted, 
third molar teeth from individual IV:5 in family 2 were subject to 
computerized tomography and scanning electron microscopy. LAMB3 
molar teeth have a multitude of cusps compared to matched controls. 
LAMB3 enamel was well mineralised but pitted. The architecture of the 
initially secreted enamel was abnormal, with cervical enamel appearing 
http://mc.manuscriptcentral.com/jdr
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much less severely affected than coronal enamel. This study further 
defines the variations in phenotype-genotype correlation for AI due to 
variants in LAMB3, underlines the clustering of nonsense and frameshift 
variants causing AI in the absence of JEB and highlights the shared AI 
phenotype arising from variants in genes coding for hemidesmosome 
proteins.
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Abstract
Amelogenesis imperfecta (AI) is a heterogeneous group of inherited disorders 
characterised by abnormal formation of dental enamel, either in isolation or as part of 
a syndrome. Heterozygous variants in laminin subunit beta 3 (LAMB3), cause AI with 
dominant inheritance in the absence of other co-segregating clinical features. In 
contrast biallelic loss of function variants in LAMB3 cause recessive junctional 
epidermolysis bullosa (JEB), characterised by life-threatening skin fragility. We 
identified two families segregating autosomal dominant AI with variable degrees of a 
distinctive hypoplastic phenotype due to pathogenic variants in LAMB3. Whole exome 
sequencing revealed a nonsense variant (c.3340G>T, p.E1114*) within the final exon 
in family 1, while Sanger sequencing in family 2 revealed a variant (c.3383-1G>A) in 
the canonical splice acceptor site of the final exon. Analysis of cDNA from family 2 
revealed retention of the final intron leading to a premature termination codon. Two 
unerupted, third molar teeth from individual IV:5 in family 2 were subject to 
computerized tomography and scanning electron microscopy. LAMB3 molar teeth 
have a multitude of cusps compared to matched controls. LAMB3 enamel was well 
mineralised but pitted. The architecture of the initially secreted enamel was abnormal, 
with cervical enamel appearing much less severely affected than coronal enamel. This 
study further defines the variations in phenotype-genotype correlation for AI due to 
variants in LAMB3, underlines the clustering of nonsense and frameshift variants 
causing AI in the absence of JEB and highlights the shared AI phenotype arising from 
variants in genes coding for hemidesmosome proteins. 
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Introduction
Amelogenesis imperfecta (AI; MIM PS104500) describes a heterogeneous group of 
inherited conditions characterised by defective enamel formation (Smith et al. 2017). 
These can be inherited as autosomal dominant (AD), autosomal recessive (AR) or X-
linked disorders. The genes underlying AI can be subdivided into three broad groups. 
Firstly, genes that, when defective, cause AI alone without further phenotypic impact. 
Examples include MMP20 (Kim et al. 2005) and KLK4 (Hart et al. 2004). Secondly, a 
less-well defined group including genes which, depending upon the nature of the 
pathogenic variant, may cause AI either in isolation or as part of a syndrome: genes 
encoding the proteins of the laminin-332 (LM332) complex typify this group. Finally, 
genes in which pathogenic variants always cause AI within a broader clinical 
phenotype or defined syndrome (Crawford et al. 2007). Examples include Jalili 
syndrome (AI and cone rod dystrophy), caused by CNNM4 variants, and enamel renal 
syndrome (AI, gingival overgrowth and ectopic calcification that can include 
nephrocalcinosis) caused by FAM20A variants (Jaureguiberry et al. 2012; Parry et al. 
2009; Polok et al. 2009; Wang et al. 2013).
Epidermolysis bullosa (EB) is another heterogeneous group of inherited conditions 
characterised by skin fragility and blistering. Junctional epidermolysis bullosa (JEB; 
MIM 226700) forms a severe subset of EB where developmental enamel defects are 
always present .(Wright et al. 1993) Causes for AR JEB include defects in any one of 
the genes encoding the heterotrimer LM332: laminin subunit beta 3 (LAMB3; the gene 
most often mutated), laminin subunit alpha 3 (LAMA3) and laminin subunit gamma 2 
(LAMC2) (Varki et al. 2006). Collagen type XVII alpha 1 chain (COL17A1) interacts 
with LM332, and COL17A1 pathogenic variants also cause JEB (McGrath et al. 1995).
We and others have shown that heterozygous variants in some of these same genes 
can cause hypoplastic AI without clinical skin abnormalities (McGrath et al. 1996; 
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Murrell et al. 2007; Poulter et al. 2014b; Yuen et al. 2012). LAMB3 variants have now 
been reported as a cause of ADAI in ten families (Appendix Table 1). These findings 
are consistent with LM332 and COL17A1 playing vital roles not only in maintaining 
skin structure, but also in dental enamel formation.
Here we report two further families with AD hypoplastic AI due to variants in LAMB3, 
in the absence of mucocutaneous changes indicating EB. We also review the spectrum 
and distribution of published AI-causing variants and present high-resolution imaging 
of unerupted LAMB3 type AI teeth.
Materials and Methods
Patients
Individuals were recruited following informed consent in accordance with the 
declaration of Helsinki and with local ethical approval (REC ref 13/YH/0028). Genomic 
DNA was obtained from saliva using Oragene® DNA Sample Collection kits (DNA 
Genotek, ONT, Canada) according to the manufacturers instructions. Unerupted third 
molar teeth were obtained following planned surgical extraction. Matched control teeth 
were obtained from the Skeletal Tissues Research Tissue Bank (School of Dentistry, 
University of Leeds; NRES REC ref: 07/H1306/95+5).
Genotyping
Whole-exome sequencing and analysis
Three micrograms of genomic DNA were prepared for whole exome sequencing 
(WES) using the Agilent SureSelect XT Library Prep kit according to the 
manufacturers protocol (Agilent Technologies, CA, USA). Sequencing was performed 
on an Illumina HiSeq2500 using a 100 bp paired-end protocol. The fastq files were 
aligned to the human reference genome (GRCh37) using the Burrows Wheeler aligner 
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(Li and Durbin 2009). The resulting alignment was processed according to Genome 
Analysis Toolkit (GATK) best practices (Van der Auwera et al. 2013).
Indel and single nucleotide variants were called in the VCF format using the Haplotype 
Caller function of the GATK program. Using the VCFhacks package 
(https://github.com/gantzgraf/vcfhacks) variants present in NCBIs dbSNP147 or the 
Exome Aggregation Consortium database (ExAC; v0.3) with a minor allele frequency 
(MAF) M7N were excluded. Remaining variants were annotated using NCBIs Variant 
Effect Predictor. Variants with a Combined Annotation Dependent Depletion (CADD 
v1.3) score of M" were prioritised and those in genes already known to cause AI were 
highlighted for segregation analysis.
PCR and Sanger sequencing 
PCR and Sanger sequencing of LAMB3 exons 22, 23 and flanking introns was carried 
out using HotShot Diamond MasterMix (Clent Life Sciences, Stourbridge, UK). 
Segregation analysis of variants was performed for all available family members. 
Primer sequences are shown in Appendix Table 2. Sanger sequencing was performed 
using the BigDye Terminator v3.1 kit (Life Technologies, Carlsbad, CA, USA) 
according to manufacturers instructions and resolved on an ABI3130xl sequencer 
(Life Technologies). Results were analysed using SeqScape v2.5 (Life Technologies).
Reverse-Transcriptase PCR
Blood was extracted into TempusTM Blood RNA Tubes (Applied Biosystems, Foster 
City, CA, USA). RNA was extracted using the TempusTM Spin RNA Isolation Kit 
(Applied Biosystems) according to the manufacturers instructions. First strand cDNA 
synthesis was performed using Moloney murine leukaemia virus (M-MLV) reverse 
transcriptase (Life Technologies) according to the manufacturers instructions. Primers 
were designed across the final three exons using Primer3 software 
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(http://primer3.ut.ee/). Primers designed to amplify a product spanning an exon-exon 
junction within TP53 were used as a control. PCR and Sanger sequencing were 
performed as before.
Enamel phenotyping
Photography
Teeth were lit from below and photographed using a Nikon D800 DSLR camera with 
a 105 mm Nikon lens and a Sigma ring-flash.
Computerised X-ray tomography
Teeth were analysed by micro-computerised tomography (CT) using a Skyscan 1172 
(Bruker, Billerica, MA, USA) operated at 100 kV with a source current of 100 µA and 
an aluminium / copper filter to reduce beam hardening. CT slices were reconstructed 
using Skyscan Recon software (Bruker). The CT images were calibrated using 
hydroxyapatite standards (0.25 and 0.75 g/cm3 (Bruker)).
Calibrated colour contour maps of mineral density were generated using ImageJ 
(https://imagej.nih.gov/ij/?) and the interactive 3D surface plot plugin. Videos were 
produced using CTVox software (Bruker).
Tooth sectioning
Teeth were sectioned along the bucco-lingual axes with water cooling using an 
Accutom-5 cutter (Struers, Ballerup, Denmark) fitted with a peripheral diamond cutting 
disc.
Scanning electron microscopy
After sectioning, the cut edge of each tooth was polished using 600 and 2000 grit 
carborundum paper (3M, Maplewood, MN, USA), followed by a 12000 grit nail buffer. 
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Sections were etched by 30 s immersion in 30 % phosphoric acid, followed by rinsing 
in excess distilled water and dried overnight under vacuum. Sections were mounted 
on aluminium stubs and sputter coated with gold (Agar Scientific, Elektron Technology, 
Stansted, UK). Microstructural analysis was undertaken using scanning electron 
microscope (SEM), (Hitachi S-3400N, Hitachi, Tokyo, Japan) operated at 20 kV using 
secondary electron detection.
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Results
Patients
A UK and a Costa Rican family with an AD pattern of AI inheritance were recruited to 
the study. Both families were diagnosed with variable degrees of enamel hypoplasia, 
in the absence of any co-segregating health conditions (Figure 1, Appendix Figure 1).
Genotyping
DNA from individual IV:1, family 1 was subjected to WES. Coverage statistics are 
available in Appendix Table 3. After filtering for rare variants in known AI genes, a 
heterozygous variant that creates a premature termination codon (PTC) in LAMB3 was 
identified, c.3340G>T, p.(E1114*) (based on NM_000228.2, NP_000219.2.) with a 
CADD score of 40, indicating that this is predicted to be within the top 0.01% most 
deleterious of all human genome variants (Appendix Table 4). The variant was 
confirmed by Sanger sequencing and found to segregate with disease phenotype in 
all available family members. This previously unreported variant is absent from 
dbSNP151, the Genome Aggregation Database, Exomes Aggregation Consortium 
(v0.3) and Exon Variant Server. The variant alters a base within the penultimate exon 
(exon 22), 43 bp from the final exon junction. The truncated LAMB3 transcript 
produced would be predicted to escape nonsense mediated decay (NMD) (Isken and 
Maquat 2007).
The distinctive phenotype observed in family 1 and in a previously reported LAMB3 AI 
family (Poulter et al. 2014b) was also noted in another AI family in the Leeds University 
AI genetics group study cohort, referred to hereafter as family 2. Given that the majority 
of AI-causing LAMB3 variants reported to date are in the final exon of the gene 
(Appendix Table 1), the final coding exon (exon 23) and the flanking intron of LAMB3 
were sequenced by PCR and Sanger sequencing in this family. This revealed a 
previously unreported variant, c.3383-1G>A, in the canonical splice acceptor site for 
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exon 23, which is also absent from variant databases. Sequencing of the variant in all 
available family members confirmed segregation with the disease phenotype.
Variants that alter the nucleotides within canonical splice sites can interfere with the 
accurate excision of an intron, leading to exon skipping, intron retention or in some 
cases utilization of a cryptic splice site (Baralle and Baralle 2005). The c.3383-1G>A 
variant substitutes the conserved G of the AG splice acceptor site consensus 
sequence for the final exon of the gene. Its CADD score was 24.2, indicating that it is 
within the top 0.5% most deleterious of all human genome variants (Appendix Table 
4). In silico analysis of the impact on splicing using Human Splicing Finder (Desmet et 
al. 2009) suggested that the usual splice acceptor site was disrupted by this variant 
(Appendix Figure 2). To determine the effect of the variant on splicing, RNA from 
peripheral blood from an affected individual from family 2 (III:7) was reverse-
transcribed into cDNA. Primers were designed spanning the final three coding exons 
(exons 21-23: primers F1 and R1; Appendix Table 2) of LAMB3 and RT-PCR 
performed alongside control blood cDNA and a genomic DNA (gDNA) control. There 
was no difference between the control and affected cDNA, and sequencing revealed 
only the presence of the wild-type cDNA sequence (Figure 1C). A primer was then 
designed within the final intron (intron 22: primer R2; Appendix Table 2) of LAMB3 and 
RT-PCR was performed in combination with primer F1 in exon 21 (Figure 1C) to test 
whether intron 22 was retained in the cDNA. A product was obtained from affected 
cDNA, but not control cDNA. A much larger band, of the correct size for genomic DNA, 
was observed in the control gDNA. Sequencing the affected cDNA band confirmed 
that sequence from the final LAMB3 intron was present in the mRNA. Retention of this 
intron is predicted to result in a frameshift from amino acid 1128 leading to a PTC six 
residues later, p.(D1128Gfs*6).
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Both c.3340G>T and c.3383-1G>A variants were submitted to ClinVar 
(SCV000537161 and SCV000537162) and the Leeds AI Leiden Open Variant 
Database (LOVD; http://dna2.leeds.ac.uk/LOVD/ Variant IDs #0000000256 and 
0000000257).
Phenotyping
Two unerupted third molar teeth (hereafter referred to as LAMB3 teeth 1 and 2) were 
obtained from family 2 individual IV:5 after surgical extraction. Their appearance, which 
was unaffected by post-eruptive changes, was striking and very different to matched 
control teeth (Appendix Figure 3). The occlusal surfaces of the teeth had multiple 
cusps separated by deep, irregular pits. A deep groove, encircling the tooth, separated 
the occlusal from the cervical enamel. The cervical enamel appeared more like that of 
the control tooth i.e. smooth, although it appeared that some cervical enamel had been 
lost during extraction. 
Three-dimensional µCT reconstructions of LAMB3 teeth illustrated the gross 
phenotype (Figure 2A, Appendix Videos) while µCT sections (calibrated for mineral 
density) of LAMB3 teeth (Figure 2B, D, F, H) and matched controls (Figure 2C, E, G, 
J) revealed that the LAMB3 enamel was present as a hypoplastic and variable layer 
throughout the cusp regions. More cusps were present than in control teeth and the 
enamel contained pits, some of which extended to the enamel-dentine junction (EDJ)). 
Examination of the underlying dentine showed that the excessive number of small 
cusps seen in the enamel was not reflected in the dentine.
LAMB3 tooth 2 and a matched control tooth were sectioned along the bucco-lingual 
axis. SEM of control enamel showed the classic prismatic architecture (Appendix 
Figure 4). Much of the bulk enamel of LAMB3 tooth 2 also exhibited normal prismatic 
architecture (Figure 3A). However, near the EDJ, the enamel secreted initially was 
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abnormal and was more reminiscent of stacks of lamellae roughly 1-2 µm in thickness 
running horizontal to the EDJ (Figure 3B, 3C).
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Discussion
LAMB3 is part of the LM332 complex, a component of hemidesmosomes, structures 
that link cells to extracellular matrices. LM332 is assembled in the rough ER, where 
disulphide-linked dimers of LAMB3 and LAMC2 subunits form heterotrimers with the 
LAMA3 subunit (Matsui et al. 1995). Only complete heterotrimers can be secreted 
(Matsui et al. 1995) and the C-terminal domain of LAMB3 is the part of the protein in 
contact with LAMA3 and LAMC2 (Rousselle and Beck 2013).
Over 87 putative loss of function variants of LAMB3 have been linked to AR LM332-
deficient severe JEB (Kiritsi et al. 2013; Pulkkinen et al. 1994). The majority are 
variants generating PTCs, with the resulting transcripts likely to undergo NMD, with 
very little, if any, translated protein produced. In contrast, the LAMB3 variants reported 
here are only the 10th and 11th identified as causative of hypoplastic ADAI without 
clinical mucocutaneous abnormalities (Appendix Table 1, Figure 4). With the exception 
of two variants reported by Prasad et al. (2016), all AI-causing LAMB3 variants are 
close to the C-terminus and are predicted to create PTCs at positions that are unlikely 
to trigger NMD (Isken and Maquat 2007). Unlike the loss of function variants 
associated with recessively inherited JEB, these AI-causing variants are likely to be 
expressed and could potentially cause isolated AI pathology through a dominant 
negative effect, possibly through ER stress, or dysfunctional assembly and/or function 
of the heterotrimeric LM332 complex. 
The LAMB3 variants reported by Prasad et al. (2016) in ADAI included two which have 
also been identified in JEB patients as recurrent variants at hypermutable CpG sites 
(Kivirikko et al. 1996), namely c.1903C>T, p.(R635*), which accounts for 45-63% of all 
variants identified in LAMB3 in JEB patients, and c.124C>T, p.(R42*) (Kiritsi et al. 
2013). For the former, segregation of the variant with the dental phenotype was 
reported to be inconsistent and for the latter, only one affected individual was recruited 
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(Prasad et al. 2016). Further study is therefore required to determine whether these 
variants consistently give rise to a dental phenotype in JEB carriers. Given the large 
number of JEB patients reported with each of these variants, the lack of reporting of a 
dental phenotype in carrier relatives suggests that these variants do not routinely 
cause AI in isolation.
It is unclear why there are differences in clinical appearances of the anterior permanent 
teeth between family 1 individuals IV:1 (son) and III:2 (mother) (Figure 1, Appendix 
Figure 1). The younger individual has a generalised irregular hypoplastic AI phenotype 
in both dentitions that is consistent with the first (Poulter et al. 2014b) and subsequent 
reports of AI in isolation due to LAMB3 variants (Appendix Table 1, Figure 4). Pitting 
and grooving have been reported, but a contrasting difference in clinical presentation 
between first degree relatives with the same genetic variant has not been so clearly 
demonstrated. Clinically obvious enamel pits (of varying prominence) are features of 
AI arising from variants in genes encoding other hemidesmosomal proteins, including 
LAMA3, ITGB6 and COL17A1 (McGrath et al. 1996; Poulter et al. 2014a; Yuen et al. 
2012). Accordingly, AI linked to hemidesmosome components can have a clinical 
presentation that is characterised by variable degrees of hypoplasia from small 
irregular deposits of enamel to much greater volumes of enamel and clinically obvious 
pits or grooves, with intra-family variation. 
The unerupted LAMB3 molar teeth reported here provided a clear insight into enamel 
structure and crown morphology unaffected by post-eruptive changes. The obvious 
differences between LAMB3 teeth and controls are the presence of multiple cusps 
(compared to the four to five in third molars (Nanci 2012)) and the appearance of a 
groove separating occlusal and cervical enamel, suggesting that LAMB3 is involved in 
determining final cusp architecture. A recent report by Kim et al. (2016) of a six year 
old boy with a heterozygous LAMB3 variant, c.3452_3458delAGAAGCG, 
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p.(E1151Vfs*57) showed that posterior teeth with their more complex cusp 
architecture, were affected with hypoplastic pits and grooves whereas anterior teeth 
were minimally affected. The c.3383-1G>A, p.(D1128Gfs*6) variant identified here in 
family 2 and the majority of other variants in LAMB3 causing AI truncate the C-terminal 
domain, suggesting this domain is essential for proper enamel cusp formation. Clinical 
radiographs, first published by Wang et al. (2015) and Kim et al. (2013), of AI patients 
carrying similarly truncating LAMB3 variants show unerupted third molars with multiple 
cusps and an encircling groove, mirroring the family 2 phenotype described here 
(Appendix Figure 5). 
One hypothesis explaining the formation of multiple cusps is that mutated LAMB3 
impacts secondary enamel knot patterning, due to loss of normal function or a gain of 
toxic function. Interestingly, LAMB3 is expressed strongly in the enamel knot during 
the cap stage of tooth development, unlike the LAMA3 and LAMC2 subunits of LM332 
(Yoshiba et al. 1998a), potentially suggesting a role independent from the LM332 
heterotrimer. If, as widely believed, each secondary enamel knot is associated with the 
development of one cusp (Thesleff et al. 2001); disorganisation or fragmentation of 
secondary enamel knots could lead to the formation of additional cusps. However the 
dentinal cusp patterning appears unaffected by the LAMB3 variant. It may be that 
islands of secretory stage ameloblasts arising from the secondary enamel knots fail to 
coalesce and cannot form a contiguous enamel layer, thus generating the multiple 
enamel cusps observed here (Appendix Figure 6). 
The phenotypic data also suggests that LAMB3 plays a role in early amelogenesis as 
the initially secreted LAMB3 enamel is abnormal (Figure 4). This is temporally 
separated from any role LAMB3 might play in cusp patterning and suggests two distinct 
roles for LAMB3. Immunohistological analysis of rodent amelogenesis showed that 
expression of LM332 subunits peaks during secretion and that immunostaining is 
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strongest in the Tomes process (Yoshiba et al. 1998b), suggesting that it acts to tether 
the ameloblasts to the enamel matrix. If mutant LAMB3 affects secretory ameloblast-
matrix interactions, this may underlie the abnormal enamel architecture seen near the 
EDJ. Observations here suggest that once the ameloblasts have secreted around 100 
µm of matrix, the subsequent enamel then exhibits typical prismatic architecture. This 
suggests that any effect on the structure of the enamel formed caused by the mutant 
LAMB3 is transitory.
In summary, we describe two novel C-terminal variants in LAMB3 causing ADAI in the 
absence of skin or mucous membrane abnormalities. Phenotyping of unerupted 
affected third molars showed the abnormal presence of multiple cusp-like structures, 
whereas cervical enamel, below a groove encircling the crown, appeared unaffected. 
The prismatic enamel structure was also abnormal near the EDJ. These findings 
suggest a role for LAMB3 in the development of enamel cusp morphology and prism 
formation in initially secreted enamel. The data highlight a distinctive phenotype and 
clear phenotype-genotype correlation for AI due to variants in LAMB3, as well as 
further emphasizing the clustering of ADAI pathogenic variants within the penultimate 
and final exon.
Acknowledgements
The authors would like to thank both of the families involved in this study and Zoë 
Wilson for medical illustration.
This work was supported by the Wellcome Trust [grant number 093113]. C.E.L.S. was 
funded by a Wellcome Trust Institutional Strategic Support award. Funding to pay the 
Open Access publication charges for this article were provided by the Wellcome Trust.
Page 16 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential conflict of 
interest.
References
Baralle D, Baralle M. 2005. Splicing in action: Assessing disease causing sequence 
changes. Journal of medical genetics. 42(10):737-748.
Crawford PJ, Aldred M, Bloch-Zupan A. 2007. Amelogenesis imperfecta. Orphanet 
journal of rare diseases. 2:17.
Desmet FO, Hamroun D, Lalande M, Collod-Beroud G, Claustres M, Beroud C. 
2009. Human splicing finder: An online bioinformatics tool to predict splicing 
signals. Nucleic acids research. 37(9):e67.
Hart PS, Hart TC, Michalec MD, Ryu OH, Simmons D, Hong S, Wright JT. 2004. 
Mutation in kallikrein 4 causes autosomal recessive hypomaturation 
amelogenesis imperfecta. Journal of medical genetics. 41(7):545-549.
Isken O, Maquat LE. 2007. Quality control of eukaryotic mrna: Safeguarding cells 
from abnormal mrna function. Genes & development. 21(15):1833-1856.
Jaureguiberry G, De la Dure-Molla M, Parry D, Quentric M, Himmerkus N, Koike T, 
Poulter J, Klootwijk E, Robinette SL, Howie AJ et al. 2012. Nephrocalcinosis 
(enamel renal syndrome) caused by autosomal recessive fam20a mutations. 
Nephron Physiology. 122(1-2):1-6.
Kim JW, Seymen F, Lee KE, Ko J, Yildirim M, Tuna EB, Gencay K, Shin TJ, Kyun 
HK, Simmer JP et al. 2013. Lamb3 mutations causing autosomal-dominant 
amelogenesis imperfecta. Journal of dental research. 92(10):899-904.
Kim JW, Simmer JP, Hart TC, Hart PS, Ramaswami MD, Bartlett JD, Hu JC. 2005. 
Mmp-20 mutation in autosomal recessive pigmented hypomaturation 
amelogenesis imperfecta. Journal of medical genetics. 42(3):271-275.
Page 17 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Kim YJ, Shin TJ, Hyun HK, Lee SH, Lee ZH, Kim JW. 2016. A novel de novo 
mutation in lamb3 causes localized hypoplastic enamel in the molar region. 
European journal of oral sciences. 124(4):403-405.
Kiritsi D, Has C, Bruckner-Tuderman L. 2013. Laminin 332 in junctional 
epidermolysis bullosa. Cell adhesion & migration. 7(1):135-141.
Kivirikko S, McGrath JA, Pulkkinen L, Uitto J, Christiano AM. 1996. Mutational 
hotspots in the lamb3 gene in the lethal (herlitz) type of junctional 
epidermolysis bullosa. Human molecular genetics. 5(2):231-237.
Li H, Durbin R. 2009. Fast and accurate short read alignment with burrows-wheeler 
transform. Bioinf rmatics. 25(14):1754-1760.
Matsui C, Wang CK, Nelson CF, Bauer EA, Hoeffler WK. 1995. The assembly of 
laminin-5 subunits. The Journal of biological chemistry. 270(40):23496-
23503.
McGrath JA, Gatalica B, Christiano AM, Li K, Owaribe K, McMillan JR, Eady RA, 
Uitto J. 1995. Mutations in the 180-kd bullous pemphigoid antigen (bpag2), a 
hemidesmosomal transmembrane collagen (col17a1), in generalized atrophic 
benign epidermolysis bullosa. Nature genetics. 11(1):83-86.
McGrath JA, Gatalica B, Li K, Dunnill MG, McMillan JR, Christiano AM, Eady RA, 
Uitto J. 1996. Compound heterozygosity for a dominant glycine substitution 
and a recessive internal duplication mutation in the type xvii collagen gene 
results in junctional epidermolysis bullosa and abnormal dentition. The 
American journal of pathology. 148(6):1787-1796.
Murrell DF, Pasmooij AM, Pas HH, Marr P, Klingberg S, Pfendner E, Uitto J, 
Sadowski S, Collins F, Widmer R et al. 2007. Retrospective diagnosis of fatal 
bp180-deficient non-herlitz junctional epidermolysis bullosa suggested by 
immunofluorescence (if) antigen-mapping of parental carriers bearing enamel 
defects. The Journal of investigative dermatology. 127(7):1772-1775.
Nanci A. 2012. Ten cate's oral histology. St Louis, Missouri, USA: Mosby Elsevier.
Page 18 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Parry DA, Mighell AJ, El-Sayed W, Shore RC, Jalili IK, Dollfus H, Bloch-Zupan A, 
Carlos R, Carr IM, Downey LM et al. 2009. Mutations in cnnm4 cause jalili 
syndrome, consisting of autosomal-recessive cone-rod dystrophy and 
amelogenesis imperfecta. American journal of human genetics. 84(2):266-
273.
Polok B, Escher P, Ambresin A, Chouery E, Bolay S, Meunier I, Nan F, Hamel C, 
Munier FL, Thilo B et al. 2009. Mutations in cnnm4 cause recessive cone-rod 
dystrophy with amelogenesis imperfecta. American journal of human 
genetics. 84(2):259-265.
Poulter JA, Brookes SJ, Shore RC, Smith CEL, Abi Farraj L, Kirkham J, Inglehearn 
CF, Mighell AJ. 2014a. A missense mutation in itgb6 causes pitted 
hypomineralized amelogenesis imperfecta. Human molecular genetics. 
23(8):2189-2197.
Poulter JA, El-Sayed W, Shore RC, Kirkham J, Inglehearn CF, Mighell AJ. 2014b. 
Whole-exome sequencing, without prior linkage, identifies a mutation in 
lamb3 as a cause of dominant hypoplastic amelogenesis imperfecta. 
European journal of human genetics : EJHG. 22(1):132-135.
Prasad MK, Geoffroy V, Vicaire S, Jost B, Dumas M, Le Gras S, Switala M, Gasse B, 
Laugel-Haushalter V, Paschaki M et al. 2016. A targeted next-generation 
sequencing assay for the molecular diagnosis of genetic disorders with 
orodental involvement. Journal of medical genetics. 53(2):98-110.
Pulkkinen L, Christiano AM, Gerecke D, Wagman DW, Burgeson RE, Pittelkow MR, 
Uitto J. 1994. A homozygous nonsense mutation in the beta 3 chain gene of 
laminin 5 (lamb3) in herlitz junctional epidermolysis bullosa. Genomics. 
24(2):357-360.
Rousselle P, Beck K. 2013. Laminin 332 processing impacts cellular behavior. Cell 
adhesion & migration. 7(1):122-134.
Page 19 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Smith CEL, Poulter JA, Antanaviciute A, Kirkham J, Brookes SJ, Inglehearn CF, 
Mighell AJ. 2017. Amelogenesis imperfecta; genes, proteins, and pathways. 
Frontiers in physiology. 8:435.
Thesleff I, Keranen S, Jernvall J. 2001. Enamel knots as signaling centers linking 
tooth morphogenesis and odontoblast differentiation. Advances in dental 
research. 15:14-18.
Van der Auwera GA, Carneiro MO, Hartl C, Poplin R, Del Angel G, Levy-Moonshine 
A, Jordan T, Shakir K, Roazen D, Thibault J et al. 2013. From fastq data to 
high confidence variant calls: The genome analysis toolkit best practices 
pipeline. Current protocols in bioinformatics / editoral board, Andreas D 
Baxevanis  [et al]. 43:11 10 11-33.
Varki R, Sadowski S, Pfendner E, Uitto J. 2006. Epidermolysis bullosa. I. Molecular 
genetics of the junctional and hemidesmosomal variants. Journal of medical 
genetics. 43(8):641-652.
Wang SK, Aref P, Hu Y, Milkovich RN, Simmer JP, El-Khateeb M, Daggag H, Baqain 
ZH, Hu JC. 2013. Fam20a mutations can cause enamel-renal syndrome 
(ers). PLoS genetics. 9(2):e1003302.
Wang X, Zhao Y, Yang Y, Qin M. 2015. Novel enam and lamb3 mutations in chinese 
families with hypoplastic amelogenesis imperfecta. PloS one. 
10(3):e0116514.
Wright JT, Johnson LB, Fine JD. 1993. Development defects of enamel in humans 
with hereditary epidermolysis bullosa. Archives of oral biology. 38(11):945-
955.
Yoshiba K, Yoshiba N, Aberdam D, Meneguzzi G, Perrin-Schmitt F, Stoetzel C, Ruch 
JV, Lesot H. 1998a. Expression and localization of laminin-5 subunits during 
mouse tooth development. Developmental dynamics : an official publication 
of the American Association of Anatomists. 211(2):164-176.
Page 20 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Yoshiba N, Yoshiba K, Aberdam D, Meneguzzi G, Perrin-Schmitt F, Stoetzel C, Ruch 
JV, Lesot H. 1998b. Expression and localization of laminin-5 subunits in the 
mouse incisor. Cell and tissue research. 292(1):143-149.
Yuen WY, Pasmooij AM, Stellingsma C, Jonkman MF. 2012. Enamel defects in 
carriers of a novel lama3 mutation underlying epidermolysis bullosa. Acta 
dermato-venereologica. 92(6):695-696.
Page 21 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Figure legends
Figure 1: Pedigrees, sequencing traces and splicing assay.
A: Pedigree for family 1, sequencing traces for LAMB3 c.3340G>T, p.(E1114*) and 
clinical images for individuals IV:1 and III:2. The generalised hypoplastic AI in the 
mixed dentition of the younger individual contrasts with the more complex phenotype 
of the older individual where the permanent tooth enamel is characterised by multiple 
pits and more subtle surface irregularities consistent with a partial reduction in enamel 
volume. B: Pedigree for family 2, sequencing traces for LAMB3 c.3383-1G>A, 
p.(D1128Gfs*6) and clinical images for individual IV:1. The unrestored primary tooth 
enamel is hypoplastic with multiple surface irregularities reflecting gross absence and 
small islands of thin enamel.
All LAMB3 variant nomenclature is based on RefSeq transcript NM_000228, Refseq 
protein NP_000219.2.
C: Splicing assay for the LAMB3 c.3383-1G>A variant. Amplification of cDNA from 
family 2 III:7 with primers located within exons 21 (F1) and 23 (F2) produced bands of 
428 bp in cDNA as expected. No difference was seen between the cDNA from family 
2 III:7 and the control suggesting that only the wild-type allele was amplified. The 
primers were also expected to produce bands of 2278 bp for gDNA, although it is likely 
that the product was too large to be amplified in the conditions used. Amplification with 
primers located within exon 21 (F1) and intron 22 (R2) did not produce a band for 
control cDNA, as was expected. However a product of 276 bp was produced from 
cDNA from family 2 III:7. Sequencing confirmed that the product corresponded to 
retention of intron 22. A gDNA control sample produced a band of 1061 bp as expected 
for this primer pair. A control PCR, designed to amplify TP53 with exonic primers 
flanking an intron, produced a band of 410 bp for cDNA templates and 1059 bp for 
gDNA templates as expected.
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Figure 2: High resolution X-ray CT scan calibrated false colour plots.
A: 3D CT reconstruction of LAMB3 tooth 1 showing the multitude of cusps and the 
groove encircling the crown and separating the occlusal and cervical enamel (indicated 
by white arrows). 
B, C, H and J: Longitudinal views through each tooth. Dotted lines on panels B and C 
indicate the positions of the transverse views through the coronal and cervical enamel 
shown in panels D-G.
D and E: Transverse views through the coronal enamel
F and G: Transverse views through the cervical enamel
A, B, D, F: LAMB3 tooth 1
C, E, G: Control tooth 1
H: LAMB3 tooth 2
J: Control tooth 2
Note the undulating enamel-dentine-boarder in the affected LAMB3 teeth is not 
atypical; it is present in other CT sections of control teeth as shown in Appendix Figure 
6. 
Scale bars represent 1mm.
Figure 3: SEM of LAMB3 tooth 1.
A: Low power image of affected enamel showing normal prismatic enamel in the bulk 
tissue away from the EDJ; inset shows a higher magnification image of the prismatic 
structure present. The white squares indicate regions scanned at increasingly higher 
magnification as shown in B-D. The initially secreted enamel, nearest the EDJ is 
aprismatic and appears to be comprised of lamellae. For comparison, enamel from a 
control tooth is shown in Appendix Figure 4.
Figure 4: Heterozygous LAMB3 variants identified in individuals with AI.
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Schematic diagram of the LAMB3 transcript showing the relative positions of the 
disease causing variants identified in individuals with AI (numbering based 
on LAMB3 Refseq transcript NM_000228.2, LAMB3 Refseq protein NP_000219.2). 
Note that the majority of variants identified are frameshift or nonsense changes likely 
to escape nonsense mediated decay as they are positioned within the penultimate (22) 
exon, less than 50 bp from the final exon-exon junction in the mature transcript, or are 
within the final (23) exon or intron (22i) and have been shown to affect 
splicing. Two variants lie outside of exons 22 and 23 (marked with #), however 
analysis of segregation of each of the variants with disease was absent or 
conflicting and therefore the variants remain to be confirmed as the cause of disease.
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Figure 1: Pedigrees, sequencing traces and splicing assay. 
A: Pedigree for family 1, sequencing traces for LAMB3 c.3340G>T, p.(E1114*) and clinical images for 
individuals IV:1 and III:2. The generalised hypoplastic AI in the mixed dentition of the younger individual 
contrasts with the more complex phenotype of the older individual where the permanent tooth enamel is 
characterised by multiple pits and more subtle surface irregularities consistent with a partial reduction in 
enamel volume. B: Pedigree for family 2, sequencing traces for LAMB3 c.3383-1G>A, p.(D1128Gfs*6) and 
clinical images for individual IV:1. The unrestored primary tooth enamel is hypoplastic with multiple surface 
irregularities reflecting gross absence and small islands of thin enamel. 
All LAMB3 variant nomenclature is based on RefSeq transcript NM_000228, Refseq protein NP_000219.2. 
C: Splicing assay for the LAMB3 c.3383-1G>A variant. Amplification of cDNA from family 2 III:7 with 
primers located within exons 21 (F1) and 23 (F2) produced bands of 428 bp in cDNA as expected. No 
difference was seen between the cDNA from family 2 III:7 and the control suggesting that only the wild-type 
allele was amplified. The primers were also expected to produce bands of 2278 bp for gDNA, although it is 
likely that the product was too large to be amplified in the conditions used. Amplification with primers 
located within exon 21 (F1) and intron 22 (R2) did not produce a band for control cDNA, as was expected. 
However a product of 276 bp was produced from cDNA from family 2 III:7. Sequencing confirmed that the 
product corresponded to retention of intron 22. A gDNA control sample produced a band of 1061 bp as 
Page 25 of 39
http://mc.manuscriptcentral.com/jdr
Journal of Dental Research
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
expected for this primer pair. A control PCR, designed to amplify TP53 with exonic primers flanking an 
intron, produced a band of 410 bp for cDNA templates and 1059 bp for gDNA templates as expected. 
180x199mm (300 x 300 DPI) 
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Figure 2: High resolution   y CT scan calibrated false colour plots. A: 3D CT reconstruction of LB3 tooth 
1 showing the multitude of cusps and the groove encircling the crown and separating the occlusal and 
cervical enamel (indicated by white arrows). B, C, H an : Longitudinal views through each tooth. Dotted 
lines on panels B and C indicate the positions of the transverse views through the coronal and cervical 
enamel shown in panels D-G. D and E: Transverse views through the coronal enamel. F and G: Transverse 
views through the cervical enamel. A, B, D, F
: L
MB3 tooth 1. C, E, G: Control tooth 1. H
: L
AMB3 tooth 2.

: 
Control tooth 2. Note the undulating enamel-dentine-boarder in the affected LMB3 teeth is not a	
 	a
is present in other CT sections of control teeth as shown in Appendix Figure 6. Scale bars represent 1mm. 
20x230mm (300 x 300 DPI) 
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Figure 3: SEM of AMB3 tooth 1. 
A:   image of affected enamel showing normal prismatic enamel in the bulk tissue away from the 
E; inset shows a higher magnification image of the prismatic structure present. The white squares indicate 
regions scanned at increasingly higher magnification as shown in B-D. The initially secreted enamel, nearest 
the E is aprismatic and appears to be comprised of lamellae. For comparison, enamel from a control tooth 
is shown in Appendix Figure 4. 
50x410mm (300 x 300 DPI) 
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Figure 4: Heterﬀﬁ LAMB3 variants identified in individuals with AI. 
Schematic diagram of the LAMB3 transcript showing the relative positions of the disease causing variants 
identified in individuals with AI (numbering based on LAMB3 Refseq transcript NM_000228.2, ﬂﬃB3 Refseq 
protein NP_000219.2). Note that the majr!ty of variants identified are frameshift or nonsense changes 
likely to escape nonsense mediated decay as they are positioned within the penultimate (22) exon, less than 
"# bp from the final exon-exo jﬀo$%!o in the mature transcript, or are within the final (23) exon or intron 
(22i) and have been shown to affect splicing. Two variants lie outside of exons 22 and 23 (mark&' (!
%
) *+,
however analysis of segregation of each of the variants with disease was absent or conflicting and therefore 
the variants remain to be confirmed as the cause of disease. 
338x190mm (300 x 300 DPI) 
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Phenotype and variant spectrum in the LAMB3 form of amelogenesis imperfecta
C.E.L. Smith, J.A. Poulter, S.J. Brookes, G. Murillo, S. Silva, C.J. Brown, A. 
Patel, H. Hussain, J. Kirkham, C.F. Inglehearn and A.J. Mighell.
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Origin Position (hg19/GRCh37)
Chr1:
Exon/ 
intron (i)
Variant Predicted amino 
acid change
Family
N/S: patients recruited 
from France, Germany and 
Morocco for study
g.209823368G>A 3 c.124C>T# p.(R42*) Prasad et al. 
(2016)
N/S: patients recruited 
from France, Germany and 
Morocco for study
g.209799066G>A 14 c.1903C>T# p.(R635*) Prasad et al. 
(2016)
UK g.209789858C>A 22 c.3340G>T p.(E1114*) This study: 
Family 1
N/S: South Korean study g.209789841dupG 22 c.3357dupC p.(M1120Hfs*40) Lee et al. (2014)
Costa Rica g.209788753C>T 22i c.3383-1G>A p.(D1128Gfs*6) This study: 
Family 2 
Irish g.209788741dupC 23 c.3394dupG p.(E1132Gfs*28) Poulter et al. 
(2014)
N/S: patients recruited 
from Turkey / Iran
g.209788704G>T 23 c.3431C>A p.(S1144*) Kim et al. (2013); 
Kim et al. (2018)
N/S: patients recruited 
from Turkey / Iran
g.209788682_209788689
delCTCCAGTC
23 c.3446_3453delGA
CTGGAG
p.(G1149Efs*8) Kim et al. (2013)
N/S: South Korean study g.209788660_209788672
delCACGGATCTGCTC
23 c.3463_3475delGA
GCAGATCCGTG
p.(E1155Tfs*51) Lee et al. (2014)
Chinese g.209788669G>A 23 c.3466C>T p.(Q1156*) Wang et al. 
(2015)
N/S: South Korean study g.209788677_209788683
delCGCTTCT
23 c.3452_3458delAG
AAGCG
p.(E1151Vfs*57) Kim et al. (2016)
Appendix Table 1: Variants identified in LAMB3 in individuals with hypoplastic AI.
Based on LAMB3 Refseq transcript NM_000228.2, LAMB3 Refseq protein NP_000219.2.
# Segregation data absent or conflicting for the reports of these variants.
 Variant leads to generation of a premature stop codon in exon 23.
 Variant lies within 43 bases of the final exon-intron junction, therefore nonsense transcript may escape nonsense mediated decay.
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Region Forward primer (5'-3') Reverse primer (5'-3') Size/bp (Template)
LAMB3 ex22 GTGCTTTGGCCACAGGTCT ATCTCACTCCCATAGCACGG 340 (gDNA)
LAMB3 ex23 GTTGGGAGTCTTGGGGAGTC AAGCATTCCAACCCAATCTG 278 (gDNA)
LAMB3 F1-R1 AGGCATTGAGTGCCCAAG AGGCTGTACTTTAGGCTGCA 2278 (gDNA); 428 (cDNA)
LAMB3 F1-R2 AGGCATTGAGTGCCCAAG GCACGGCTAGCTCCAATAA 1061(gDNA); no product (cDNA)
TP53 AGTACTCCCCTGCCCTCAACA CTGGAGTCTTCCAGTGTGA 1059 (gDNA); 410 (cDNA)
Appendix Table 2: Primer sequences used in this study. See Figure 1 for details of the positions of primers F1, R1 and R2.
% Coverage
Family Sample
Mean 
Coverage >4 >9 >14 >19 >24 >29 Total reads
1 IV:1 70.19 99.0 98.1 96.5 94.0 90.5 86.1 3534596745
Appendix Table 3: Alignment statistics for whole exome sequencing.
Alignment statistics were generated using the regions targetted by the Agilent SureSelectXT Human All Exon V5 capture reagent as 
the interval.
Position 
(hg19/GRCh37)
Chr1:
Variant CADD v1.3
Scaled C score
g.209789858C>A c.3340G>T-, p.(E1114*) 40
g.209788753C>T c.3383-1G>A, 
p.(D1128Gfs*6)
24.2
Appendix Table 4: Combined Annotation Dependent Depletion scaled C score for the LAMB3 variants identified in this 
study.
- Variant lies within 43 bases of the final exon-intron junction, therefore nonsense transcript may escape nonsense mediated decay.
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Appendix Figure 1: Additional clinical images of family 1 III:2 (A and B) 
and IV:1 (C-F).
E
F
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Appendix Figure 2: Human Splicing Finder (HSF) in silico prediction for the 
LAMB3 splice variant c.3383-1G>A identified in family 2. 
HSF predicts alteration of the WT splice site resulting in altered splicing.
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Appendix Figure 3: Images of the two unerupted LAMB3 third molar teeth 
and two unerupted matched control teeth.
A and B: Images of the LAMB3 third molar teeth surgically extracted from family 
2, individual IV:5. Note the abnormal coronal enamel with multiple small, poorly 
formed cusps, appearing as small islands of enamel with deep, irregular pits in 
between. Also note the cervical ring of enamel of more normal appearance 
separated by a groove from the abnormal coronal enamel.
C and D: Images of matched third molar control teeth surgically extracted from 
unrelated individuals. Note the smooth appearance of the enamel and the defined 
cusp architecture.
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Appendix Figure 4: SEM of control tooth 1.
A-C: Views of the entire enamel layer, from the surface (A) to the EDJ (C). Scale 
bars are 100 J
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Appendix Figure 5: Additional published reports of the enamel phenotype 
of individuals carrying LAMB3 variants.
Note the apparent presence of multiple cusps and the characteristic groove 
encircling the crown and separating the occlusal and cervical enamel. These 
features are not present on the erupted molars presumably due to post eruptive 
wear.
A: Images reused with permission from Wang et al. (2015).
B: Images reused with permission from Kim et al. (2013).
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*
*
C LAMB3 c.3383-1G>A D LAMB3 c.3383-1G>A
A Control B Control
Multiple cusps at EDJ; all correspond to an enamel cusp
Multiple cusps at EDJ; not all correspond to an enamel cuspMultiple cusps at EDJ; all correspond to an enamel cusp
Multiple cusps at EDJ; not all correspond to an enamel cusp
Appendix Figure 6: Additional CT images to show the presence or absence 
of dentine cusps below each enamel cusp.
A and B show different CT sections through control tooth 2. The dentine 
cusps at the EDJ (arrows) appear to represent the original position of the 
enamel knots giving rise to the various topographical features comprising 
the dentine surface and final crown morphology (Jussila and Thesleff 
2012). It is assumed that enamel secretion also initiated at these sites and, 
following coalescence of islands of active secretory ameloblasts, the 
complete enamel thickness was deposited to generate the final 
topographical features of the enamel that define the final cusp morphology 
of the tooth. The asterisk marks an enamel cusp that is not obviously 
associated with an underlying dentine cusp in this CT section.
C and D show different CT sections through affected LAMB3 tooth 2. The 
EDJ is similar to the control, in that it exhibits dentine cusps (arrows) that 
presumably correspond to the sites of the enamel knots. However, it 
appears that the separate islands of active secretory ameloblasts 
associated with these dentine cusps failed to coalesce and continued to 
secrete enamel independently, leading to the formation of multiple cusps 
that characterise this phenotype. The asterisk marks an enamel cusp that 
is not obviously associated with an underlying dentine cusp in this CT 
section.
Appendix Videos:
LAMB3 tooth 1
Control tooth 1
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